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,QWURGXFWLRQ
,QGXVWULDOIDFLOLWLHVDUHFODVVLILHGDFFRUGLQJWRWKHKD]DUGRUQXLVDQFHWKDWPD\UHVXOWIURPWKHLUDFWLYLWLHV7KHVH









&ODVVLILHGLQVWDOODWLRQVInstallation Classée Pour la Protection de l’EnvironnementDUHVXEMHFWWRHQYLURQPHQWDO
SURWHFWLRQPRQLWRULQJDQGDXWKRUL]DWLRQWRRSHUDWHLVJLYHQVXEMHFWWRDGHPRQVWUDWLRQRISXEOLFXWLOLW\autorisation 




WRSURWHFW WKHQHLJKERULQJSRSXODWLRQ DJDLQVW DQ\ WHFKQRORJLFDOKD]DUGV UHVXOWLQJ IURP WKHSODQW%\ ODZ LWPXVW
FRPSULVHD]RQLQJSODQWKDWGHOLQHDWHVUHJXODWHGDUHDVWKHUHJXODWLRQVWREHDSSOLHGWRHDFKDUHDDQGDUHSRUWWKDW
H[SODLQV WKH]RQLQJDQGDQ\FRQWUROV WREHHQIRUFHG7KLVSDSHUSUHVHQWVDFDVHVWXG\RIDQ/3*VWRUDJHSODQW LQ
)UDQFH 7KH DSSURDFK LV EDVHG RQ WKH 6\VWHP7KHRUHWLF$FFLGHQW0RGHO DQG 3URFHVVHV 67$03PRGHO WKDW LV
LQWHJUDWHGLQWRWKHVLPXODWLRQWRRO$Q\/RJLF7KHWRROLVXVHGWRG\QDPLFDOO\VLPXODWHFRQWURODFWLRQVDQGGLUHFWLYHV
SUHVFULEHGLQWKHRIILFLDOVDIHW\UHSRUWLQWHQGHGWRVHFXUHURXWLQHRSHUDWLRQVDQGDFWLYLWLHV




















)UDQFH$FFLGHQWV LQRWKHUFRXQWULHVDUH LQFOXGHGHLWKHUEHFDXVHRI WKHVHULRXVQHVVRI WKHLUFRQVHTXHQFHVRU WKHLU
YDOXHLQWHUPVRIIHHGEDFNIURPH[SHULHQFH7KH$5,$GDWDEDVHOLVWVDFFLGHQWVLQ)UDQFHOLQNHGWR/3*







SHU GD\ LH /3* LV WUDQVIHUUHG IURP ODUJH WDQNV LQWR WKH UHVHUYRLU 7KH SODQW LV D W\SLFDO KLJKULVN LQGXVWULDO
LQVWDOODWLRQRSHUDWLRQDODFFLGHQWVPD\OHDGWRGDQJHURXVVLWXDWLRQVHJH[SORVLRQILUHRUFORXGVRIWR[LFJDVZKRVH
FRQVHTXHQFHVPD\H[WHQGEH\RQGWKHVLWHERXQGDU\7KHORFDOSRSXODWLRQPD\EHDGYHUVHO\DIIHFWHGLQWKUHHZD\V


















DQG WKDW WKH DPRXQW RI GDQJHURXV VXEVWDQFHV VWRUHG RQVLWH GLG QRW H[FHHG  WRQV2XU FRPSUHKHQVLYHPRGHO
WKHUHIRUH LQFOXGHG WKH HOHPHQWV DQG SDUDPHWHUV IRXQG LQ D UHDOOLIH ULVN SUHYHQWLRQ DQDO\VLV PDLQWHQDQFH
LQWHUYHQWLRQVHTXLSPHQWXVHZHDUDQGWHDUHWF
2.2. The sociotechnical control system  
7KH VRFLRWHFKQLFDO FRQWURO VWUXFWXUH LQFOXGHG WKH )UHQFK 0LQLVWHU RI WKH (QYLURQPHQW XUEDQ LQGXVWULDO DQG









DQG WKH SURFHGXUHV WR EH IROORZHG LQ WKH HYHQW RI DQ DOHUW )LQDOO\ PHDVXUHV VXFK DV VWULFW FRQWUROV RQ XUEDQ
GHYHORSPHQWDURXQGVLWHVPXVWEHLPSOHPHQWHG
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PKRXU7KH VWDWLRQ LV HTXLSSHGZLWK D VHFRQG FRPSUHVVRU GHVLJQHG IRU SXUJLQJ7KH IDFLOLW\ LQFOXGHV GHWHFWRUV
FRXSOHGWRDQDODUPDSURWHFWLRQV\VWHPDQGGHGLFDWHGILUHILJKWLQJV\VWHPV7KHVLWHLVDOVRHTXLSSHGZLWKJDV
DQGIODPHGHWHFWRUVGLVWULEXWHGWKURXJKRXWWKHLQVWDOODWLRQ)LJ)HHGEDFNIURPWKHVHGHWHFWRUVLVSURFHVVHGE\
RQHRUPRUH FHQWUDOL]HG V\VWHPV0RWRUL]HG YDOYHV DUH LQVWDOOHG RQ WKH SLSHOLQH LQIUDVWUXFWXUH DQG FRXSOHG WR DQ

































3.1. STAMP applied to LPG distribution and storage facility  
7KHFDVHVWXG\EHJDQZLWKDQHYDOXDWLRQRIWKHSODQW¶VVDIHW\UHSRUW:HLGHQWLILHGSRWHQWLDOKD]DUGVGHVFULEHGWKH
VLWH¶V HQYLURQPHQW DQG LWV H[WHUQDO ERXQGDULHV UHYLHZHG DFFLGHQWV DQG LQFLGHQWV DQG PDGH D SUHOLPLQDU\ ULVN
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4.1. AnyLogic software 
$Q\/RJLF LV D PXOWLPHWKRG VLPXODWLRQ±PRGHOOLQJ WRRO GHYHORSHG E\ $Q\/RJLF >@ ,W LQFOXGHV D JUDSKLFDO









0DUVHLOOH)UDQFH)HQJ&KDRDQG+XL>@XVHG WKH WRRO WRPRGHODJDVHPHUJHQF\GLVSDWFKV\VWHPLQDQXUEDQ
HQYLURQPHQW






SDUDGLJPPDGH LW SRVVLEOH WR VLPXODWH WKHPRYHPHQWV RI D WUXFN WKDW LV VWRSSHG E\ DQ RSHUDWRUZKR FDUULHV RXW
LGHQWLILFDWLRQDQGFRQWUROSURFHGXUHV$IWHUWKHVHFKHFNVWKHWUXFNHQWHUVWKHVLWHDQGUHDFKHVWKH/3*WUDQVIHUVWDWLRQ
8QORDGLQJZDVVLPXODWHGIRUDWRQWDQNZKLOHDORDGLQJRSHUDWLRQZDVVLPXODWHGIRUD±WRQV¶WDQN





VWDWLRQV 7KH '( VLPXODWHG WKH PRYHPHQWV RI PRELOH DJHQWV LH GULYHUV WUXFNV DQG DWWHQGDQWV DQG WUDQVIHU
SURFHGXUHV7KH ILUVW VLPXODWHGSURFHGXUHZDV WKH LGHQWLILFDWLRQRIGULYHUV DQG WDQNVDW WKH VLWH HQWUDQFH DQG WKH









2WKHUZLVH WKHGULYHU LVGLUHFWHG WR WKH H[LW ,Q WHUPVRI VDIHW\ LW LV FUXFLDO WR FKHFN WKDWZKDW HQWHUV WKH V\VWHP
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4.3. Model development 
7KHVROXWLRQVDSSOLHGE\WKHVLWHZHUHPRGHOOHGE\FRPELQLQJWKHVHWKUHHSDUDGLJPV6''(0$7KHVLWHLV
WKHVDPHLQDOOVFHQDULRVZKLOHDUHOD\RIWDQNVLVXQORDGHG
Simulation of the LPG transfer procedure 
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Process control simulation model 
2QHRIWKHPDMRUSUREOHPVLVWRPDLQWDLQFRQWURORIWKHSK\VLFDOSURFHVV7KH67$03PRGHODVVXPHVWKDWERWK
WKHSURFHVVDQGHQYLURQPHQWDUHG\QDPLFDQGFRQVHTXHQWO\FRPSOH[7KLVFRPSOH[LW\LVDGGUHVVHGDWWKHOHYHORI
WKH RUJDQL]DWLRQ HJ WKH GHVLJQ RI ZRUNLQJ HQYLURQPHQWV VRFLDO VWUXFWXUHV DQG WHFKQRORJLFDO REMHFWV DQG WKH
LQGLYLGXDO 7KHPRGHO VLPXODWHV YDULRXV ORVV RI FRQWURO VFHQDULRV VXJJHVWHG E\ 67$03 LH LQFRUUHFW RU XQVDIH
FRPPDQGVDUHJLYHQFRUUHFWLRQVDUHQRWPDGHFRPPDQGVDUHJLYHQWRRHDUO\RUWRRODWHRUDFRQWUROLVVWRSSHGWRR















PRGHOZDVXVHG WR VLPXODWH FRQWUROPHDVXUHVDQG WKH LPSOHPHQWDWLRQRI VDIHW\GLUHFWLYHVSURSRVHG LQ WKH UHSRUW
'LUHFWLYHVDQGFRQVWUDLQWVDUHOLVWHGDWHDFKOHYHORIWKHV\VWHP+HUHZHSUHVHQWHGRQHFRQWUROVWUXFWXUHLQRUGHUWR
XQGHUVWDQG LQWHUDFWLRQVEHWZHHQ WKHFRQWUROOHUDQG WKHSK\VLFDOSODQW7KHV\VWHPZDVVLPXODWHGXVLQJ$Q\/RJLF
VRIWZDUHWRXQGHUVWDQGWKHEHKDYLRURYHUWLPHRIDIURQWOLQHRSHUDWRUZKRIROORZVZULWWHQSURFHGXUHVWKDWFRPSO\
ZLWKWKHVDIHW\UHSRUW¶VUHTXLUHPHQWV7KHFDVHVWXG\LPSOHPHQWHGWKH67$03DSSURDFKWRVLPXODWHDG\QDPLFFRQWURO
VWUXFWXUH DQG FRPPXQLFDWLRQ FKDQQHOVEHWZHHQ FRQWUROOHUVZKR DUH UHTXLUHG WR HQIRUFH GLUHFWLYHV7KLV DSSURDFK
DOORZHGXVWRHYDOXDWHWKHVHTXHQFHVRIFRQWUROWDVNVH[HFXWHGE\WKHRSHUDWRULQDVFHQDULRZKHUHHDFKFRPPDQG
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